Introduction
Oviduct epithelial cells which exist in the ampulla p ortion are the essential structure for fertilization and transporting of oocytes. Recently, it was evidenced that co-culturing the fertilized eggs with oviduct epithelial cells can extend the survival period of the eggs in in-vitro fertilization and increase the rate of implantation (Bongso et al., 1992; Freeman et al., 1993) . Research regarding the basic biological data of oviduct epithelia is important in designing clinical obstetrical and gynecological treatments. The experimental observations in animal models are helpful in solving difficult problems that cannot be addressed experimentally in humans.
From a morphological view, the form and number of oviduct epithelial cells (including ciliated cells and secretory cells) have been discussed (Abe & Oikawa, 1989 ; Abe & Oikawa, 1993; Dickens et al., 1996; Abe et al., 1999) with consideration of age and the effect of hormones on reproductive function. In the estrus term, the ciliated cells are very animated and assist the movement of the fertilized ovum. Therefore, to observe the expression pattern of gap junction proteins and the intracellular calcium ion ([Ca 2+ ] i ) dynamics of ciliated cells in freshly isolated oviduct epithelia, it will be helpful to understand differences in this mechanism at different ages in reproductive function.
Gap junctions in some epithelia and myometrium have been examined in humans and several animal models. The results indicate that gap junctions play an important role in the communication between epithelial cells or other tissue cells (Jara et al., 1995; Çiray et al., 2000; Oyamada et al., 2002; Nielsen et al., 2002; Pierce et al., 2002; Fanchaouy et al., 2005) . Gap junctions consist of a family of connexin proteins (such as Cx26, Cx32 and Cx43), which form the channels that permit the passage of ions from cell to cell. Since there are regional differences in the expression of gap junction proteins in the myometrium of nonpregnant and pregnant females (Çiray et al., 2000) , the gap junction proteins within the epithelia of young and adult oviduct may have different expression patterns.
Calcium ion play very important functions in many tissues or cells, and the [Ca 2+ ] i dynamics of several epithelia have been examined (Oishi et ] i has not been cleared. Because the ampulla of oviduct is the important portion of fertilization, in this study we plan to observe the expression pattern of the gap junctions (Cx26, Cx32 and Cx43), and the [Ca 2+ ] i dynamics of ciliated cells in ampulla of oviduct from freshly isolated tissues in the condition: A) without any stimulations; B) treated the cells with ATP and gap junction blocker; Try to explain the expression of the gap junction proteins in the epithelia of ampulla, and the mechanism of the spontaneous fluctuation of [Ca 2+ ] i dynamics in the young and adult hamsters.
Material and Methods

Ultrastructure
To confirm that the ciliated cells were the main epithelial element in the ampullar region of oviduct, the ultrastructure of the epithelia in two young animals was observed with electron microscopy. The tissues were fixed in 1.25% glutaraldehyde ( Nacalai Tesque) and 4% paraformaldehyde (Merck, Darmstadt, Germany) in p hosphatebuffered saline (PBS; 0.1 M) for 12 h at 4°C. The specimens were postfixed in 1% osmium tetroxide (Merck) in PBS for 1.5 h at 4°C, and dehydrated in a series of ethanol and embedded in Epon 812 (TAAB, Berks, Germany). The specimens were cut using an ultramicrotome (2088 ultratome; LKB, Bromma, Sweden). Semithin sections (1 μm) were stained with toluidine blue. Ultrathin sections (0.1 μm) were doubly stained with uranyl acetate and lead citrate. The samples were then examined by both light and electron microscopy (H-7100; Hitachi, Japan).
Immunohistochemistry
In order to observe the expression pattern of gap junction proteins, 9 young (estrus term: 7; 4 weeks) and 8 adult (estrus term: 7; 24 -42 weeks) animals were killed and fixed by intracardiac perfusion with 150 ml saline and 300 ml 4% paraformaldehyde in 0.1 M phosphate buffer. The bilateral oviduct ampullar regions were removed and post-fixed in the same fixing solution for 12 h, then placed into 15% sucrose solution in 0.1 M phosphate buffer for 12 h. 10 -14 μm frozen sections were obtained using a cryostat microtome (CM3050 S; Leica, Heidelberger, Germany), air-dried, and then fixed in 15% paraformaldehyde for 15 minutes. After blocking nonspecific labeling using a solution of 10% FBS, PBS, 0.1% Tx100, and 0.1% NaN 3 , the primary antibodies (Cx26 1 : 300, Cx32 1 : 100 and Cx43 1 : 500 dilution; Zymed Laboratories Inc, USA) were applied overnight at 4°C. After three 5 minutes washes with PBS, incubation with fluorescent isothiocyanate (FITC)-labeled anti-rabbit antibodies (1 : 200 dilution; DAKO A/S, Denmark) was performed for 1 h at 37°C. After final rinses in PBS, the sections were mounted in glass slides. For all immunolabeling, negative controls were performed, including incubation with secondary a ntibodies after the omission of the primary antibodies.
Preparation of oviduct epithelium for Ca
2+
-sensitive dye loading
The Syrian hamster (Mesocri-cetus auratus) was used because this animal is appropriate for the observation of reproductive function ( Newcomer et al., 1987) . The e xperiments were performed on 7 young (4 weeks) and 6 adult (24 -42 weeks) female hamsters. All animals were obtained from Japan SLC, and maintained in the Animal Care Service Center, School of Medicine, Iwate Medical University. They were handled in compliance with the e thics guidelines of that center. The animals (young: 5 in estrus and 2 in non-estrus term; adult: 5 in estrus and 1 in non-estrus term; estrus term test by vagina smear) were killed with carbon dioxide gas followed by e xsanguination. The oviduct was removed as quickly as possible. The bilateral ampullar region of each oviduct were identified and opened along the longitudinal axis of the oviduct (Fig. 1 ). Therefore, with one oviduct, four specimens were o btained. These processes were performed under a surgical microscope (OME, Olympus, Japan).
Ca
2+
-sensitive dye loading The spatiotemporal changes of [Ca 2+ ] i in oviduct epithelial cells were determined by ratiometry using a fluorescent dye, Indo-1, the emission spectrum of which shifts on binding to Ca 2+ . Dye loading was facilitated by using acetoxymethyl esters of this dye (Indo-1/AM; Dojindo, Kumamoto, Japan). The specimens were transferred into oxygenated HEPES-buffered Ringer solution (HR) (37°C, pH 7.4) that contained purified 300 U/ml collagenase (Elastin Products, Owensville, Mo., USA) and 10 μM Indo-1/AM, and incubated for 1 h at 37°C. After incubation, the specimens (epithelium downward) were placed on coverslips coated with Cell-Tak (a non-toxic adhesive reagent; Collaborative Biomedical, Bedford, Mass., USA) in modified Sykus-Moor chambers.
Perfusion
The specimens were observed in a perfusing chamber as quickly as possible after the dye loading. The s pecimens were continuously perfused with standard HR or Ca 2+ -free HR (without any stimulation when perfusing). The standard HR contained 118 mM NaCl, 4.7 mM KCl, 2.5 mM CaCl 2 , 1.13 mM MgCl 2 , 1.0 mM Na 2 HPO 4 , 5.5 mM Dglucose, 2.0 mM Sod.L-Glutamate, MEM amino acids solution (Gibco, Grand Island, N.Y., USA), 10 mM HEPES, and 0.2% bovine serum albumin (Sigma, St. L ouis, Mo., USA), pH 7.4, adjusted with NaOH. In the Ca 2+ -free HR, the 2.5 mM CaCl 2 was omitted and 1 mM EGTA was added.
The standard HR and Ca
2+
-free HR were also used to observe the changes of that the specimens treated by ATP (adenosine 5′-triphosphate; Kohjin, Tokyo, Japan, 10 µM) and Gap27 (a gap junction blocker; USA, 500 mM).
Digital imaging of [Ca
2+
] i dynamics In order to observe the [Ca 2+ ] i dynamics, real-time confocal microscopy (RCM/Ab; Nikon, Tokyo, Japan) was used. The specimens were irradiated with an excitation UV beam (351 nm) produced by an argon ion laser and placed on the stage of an inverted microscope (TE-300; Nikon, Tokyo, Japan). The fluorescence emission was guided through a water-immersion objective ( Nikon C Apo 40X, N.A. 1.15) to a pinhole diaphragm. Interference imaging of the cells was also performed by the same microscopy.
Results
The morphological observations of the oviduct
As shown in Figure 1 , the length of the oviduct in the hamster is approximately 34 mm, and the length of the ampulla is approximately 5 mm. Using electron microscopy, most of the epithelial cells of the ampulla were found to be ciliated cells, although a few secretory cells were observed in this region (Fig. 1A) . This result was also confirmed by interference imaging (Fig. 1B) . Therefore, the following results of the Ca 2+ dynamics in oviduct epithelia were observed from ciliated cells.
Expression of the gap junction proteins
In the oviduct epithelia from the young animals (estrus term), the gap junction proteins were expressed very regularly within the junction parts (Fig. 2Y ). The expressed proteins had a clear outline and showed a pair-form distribution (Yellow arrows in Fig. 2) . The imaging size of the expressed proteins, Cx26 and Cx32, were smaller (1 μm) than that of Cx43 (2 μm). In the oviduct epithelia from the adult animals (estrus term), these proteins were also expressed, but not as regularly as the expression in the young animals ( Fig. 2A) . However, in this group, the proteins which took a regular form were also observed (yellow a rrow in below frame of Cx32 in Figure 2A ). The imaging size of the proteins was larger than that of the young a nimals (including Cx26, Cx32 and Cx43). On the other hand, in the non-estrus term of the young and adult animals, the definite difference in the imaging of the proteins was not observed. The imaging of the proteins expressions were not observed in controls. ] i dynamics in the estrus term were observed frequently in many cells (n = 5; Fig. 3A) . Of the animals in the non-estrus term, the changes of [Ca 2+ ] i d ynamics were also observed, but the pattern was not similar to that of the spontaneous changes (n = 2; Fig. 3B ). In some specimens, the spontaneous changes of [Ca 2+ ] i dynamics was slight, and in a few of specimens, the spontaneous changes of [Ca 2+ ] i dynamics was not observed. An increase of [Ca 2+ ] i was observed in localized areas of the epithelia. Generally, [Ca 2+ ] i in some cells increase initially, and then the calcium wave diffused to the adjacent cells (Fig. 4) .
2) Adult animals
When perfusing with standard HR only in this group, the spontaneous changes of [Ca 2+ ] i dynamics was not observed in both estrus and non-estrus term animals (Fig. 3C ). ] i dynamics were not observed in both young and adult animals (Fig. 3C ). Taken together with the other results (below), we think it means the e xtracellular calcium is an important factor of spontaneous changes of ] i dynamics were observed but in a very lower level (young animal; n = 5; estrus term; Fig. 3D ). The Gap27 (standard HR) inducted a decrease of reactions [Ca 2+ ] i in the cells of both animal groups, however, treated with ATP in this time the reactions could restore at lower level (young animal; n = 5; estrus term; Fig. 3E ), but could not in adult one (n = 5; estrus term; Fig. 3F ). The result means that the connexin proteins were inhibited by Gap 27 and the extracellular calcium could not flux into the cells, therefore the intracellular calcium concentration could not restored to the original level. were measured. As showing in figure 4A , the intracellular calcium wave started from the luminal region and propagated toward the basal region. The decline of the wave propagated from basal to luminal of the cells (n = 4; estrus term; Fig. 4A ). The changes of [Ca 2+ ] i dynamics between two adjacent cells shown a delay pattern (Fig. 4B) . The phenomenon means there are some structures on the membrane between the two cells for the signal communicating, and affected mutually.
5) The intracellular and intercellular [Ca
Discussion
The form of gap junction proteins in young and adult animals
In this experiment, the form of gap junction proteins in young animals (estrus term) were expressed very r egularly (a pair-form distribution) within the junction parts, however, in adult animals the form of the proteins are not regular as that in the young animals generally, although both group are same in the estrus term. Therefore, we think that maybe the formation of gap junction channels which formed by two hemichannels are interfered by the hormone, because the formation of the gap junction proteins could be interfered by some peptides (Wang et al., 2007) .
The gap junctions and hormones could participate the spontaneous changes of [Ca
2+
] i dynamics The gap junctions in epithelia and other cells have a very important role in permitting elements to flux from one cell to an adjacent cell, thus, mediating cellular communication (Höfer et al., 1999; Nielsen et al., 2002; Pierce et al., 2002; Yao et al., 2002; Sáez et al., 2003; Fanchaouy et al., 2005) . To consider the causes of the spontaneous changes of [Ca 2+ ] i in young and adult animals we focused on the differences of connexin proteins in the two animal groups. By the result, it could be consider that the gap junctions play an important effect, because the gap junction proteins expression pattern and time course pattern between the two groups show definite difference. On the other hand, the Ca 2+ concentrations in basal decreased fast than that in the luminal region in one epithelium, and affect the concentration in adjacent cells. We think that as an approaching route of calcium, except other mechanisms, the gap junctions on the membrane (including hemichannels on the surface of the cells) play an important effect to regulate the intracellular calcium concentration, and affect the spontaneous changes of [Ca 2+ ] i dynamics in the oviduct epithelia. Sáez et al. (2003) reviewed the regulation and function of gap junction proteins in detail, and suggested that the abundance of gap junction proteins correlate with sexual maturity and the levels of Cx43 correlated with high levels of estrogens. Our findings also support that the difference of [Ca 2+ ] i changes in the two group related with the level of sexual hormones which could affect the structure of the cells (such as the ratio of ciliated and secretory cells, or the length of ciliates). In this experiment the epithelia in ampullar are developing in the young animals and the gap junction proteins show a regulate expression. But the events (regulate expression) in the adult animals already ceased (Bivin et al., 1987) and the sensitivity of the responses in the ripened ciliated cells may be inhibited (Sáez et al., 1989; Höfer et al., 2001 ) in adult animals. ] i dynamics in the oviduct epithelia, and directly or indirectly affect the activities of fertilization and transporting of ovum.
